Immunostimulants have been found to be attractive and promising agents for disease management in aquaculture. The current study aimed to assess the impacts of feeding with Spirulina platensis (SP) and Salvia officinalis (SO) for 28 days on the immune status of Nile tilapia (Oreochromis niloticus). A total of 180 Nile tilapia (30.6 ± 0.12 g) were divided into 3 groups (triplicates of 20 fish/group). Control group was fed on a basal diet only, while the other two groups were supplemented with SP (10 gm/kg diet) and SO (7.5 gm/kg diet) respectively. Both of SP and SO showed in vitro antimicrobial activity against Pseudomonas aeruginosa. The immune response of Nile tilapia supplemented with SP and SO revealed significant increases in lysozyme, nitric oxide activities and IgM titer with enhancement of IL-1β and TNF-α genes expression before and after infection with P. aeruginosa. Fish challenged with P. aeruginosa showed signs of infection with high mortality rate and low relative percentage survival which elevated to be 83% in SP group and 75% in SO group. It could be concluded that dietary supplementation with SP and SO improved immune response and protected Nile tilapia against infection. Moreover, SP showed better results than SO before and after infection.
Introduction
Over the most recent three decades, aquaculture represents about 40% of the global fish production with a reliable growth of 1% every year. Soon it will be the main source of marine and fresh water sustenance everywhere throughout the world [1] [2] [3] .
The incidence of microbial pathogens severely affected fish industry [4] . Significant losses have occurred and have subsequently limited aquaculture production in intensive fish culture [5] . Attributable to the wide spread of bacterial resistance to antibiotics, the negative effect on the indigenous microflora of fish and residues of antibiotic which accumulated in fish tissue and environment leading to health hazards in human and animal, the utilization of antibiotics for treatment is not productive and maintainable [6] . Also, the worry of excessive use of antibiotics in aquaculture developed an urgent need to look for an alternative health management strategy, which can be attained by microbial arbitration [7] .
The immune-stimulant is defined as a substance which improves the innate or nonspecific immune response by cooperating straightforwardly with cells of the system actuating them. It could be nutritional factors, bacterial preparations, polysaccharides, extracts of animal or plant source, cytokines or chemical agents [8] . In aquaculture, a diversity of substances has been suggested to be used as immune-stimulants including synthetic [9] , bacterial [10] , animal and plant products [11] .
Spirulina platensis (SP), is a cyanobacterium that has been utilized for as long as 20 years as a model organism in numerous investigations for the cultivation of algal biomass to obtain protein and chemicals [12] . It has been built up to be a reasonable natural antioxidant and immune-stimulant to humans and animals with less adverse effects and more cost adequacy than synthetic products [13] . Early reports demonstrated the pharmacological activities of S. platensis which include antioxidant [14] [20] and anti-hepatoxic effect [21] .
Salvia officinalis (SO) or sage, (Lamiaceae family) is local to the Mediterranean area. The principal constituents of sage leaves are tannic acid, oleic acid, ursonic acid, ursolic acid, niacin, nicotinamide, flavones, flavonoid glycosides, cornsole, cornsolic acid, fumaric acid, chlorogenic acid, caffeic acid, and estrogenic substances [22] . The antioxidant [23] , immunomodulatory [24] , antimicrobial [25] antinociceptive and anti-inflammatory [26] , anticancer [27] , antidiabetic [28] 
Materials and Methods

S. platensis and S. officinalis
Pure premium powder of SP was obtained from (HerbaForce, UK). SO leaves were collected from local market, cleaned, shadow dried at 25 o C then ground to powder.
In vitro screening of antimicrobial activity
The in vitro antibacterial activity of SP and SO against P. aeruginosa was assessed by the method of agar well diffusion [33] . Four ml 0.15 M NaCl of fresh Pseudomonas aeruginosa suspension with 10 6 CFU ml -1 for bacteria at OD 620 nm, based on MacFerland's scale were mixed well with 100 ml melted warm nutrient agar. Wells of 9 mm diameter were cut in the agar with sterilized cork borer and filled with 100 μl of SP or SO with a final concentration of 8 mg/ml for SP and 10 mg/ml for SO. To allow the antimicrobial substance to diffuse through the inoculated medium, plates were kept in a refrigerator for 6 hours. After incubation at 30 ± 2°C for 48 hours, the clearance zones were recorded in mm.
Fish
Nile tilapia (Oreochromis niloticus) (180 fish) with average body weight of 30.6 ± 0.12 g were got from Fish Research Unit of Faculty of Veterinary Medicine, Zagazig University, Egypt. For acclimation, the fish were kept in glass aquaria (80×40×30cm) filled with dechlorinated tap water and fed on basal diet 15 days before beginning of the experiment. Water dissolved oxygen, salinity, temperature, pH, carbonate hardness, ammonia -N, nitrite-N and nitrate-N were monitored once per week as indicated by APHA [34] . The study was approved by the Committee of Animal Welfare and Research Ethics, Faculty of Veterinary Medicine, Zagazig University, Egypt.
Diets and experimental design
The commercial ingredients used for formulation of fish basal diet and its chemical analysis were showed in Table 1 . The fish were arbitrarily partitioned into 3 equal experimental groups (triplicates of 20 fish/ each group). Control group was nourished on a basal diet only, while the other two groups were supplemented with diets contained SP (10 gm/kg diet) [35] and SO (7.5 gm/kg diet) [36] respectively. The diets were supplied at the rate of 2 % of the fish biomass twice daily for 28 days and adjusted every two weeks according to fish weight. Head kidney tissues were collected from 5 fish/group at the 2 nd and the 4 th weeks of the experiment to be used for detection of gene expression.
Non-specific and specific immune assays
Serum lysozyme activity was detected using the method of Ellis [37], serum nitric oxide (NO) was determined according to Rajaraman [38] . The level of immunoglobulin (IgM) was measured in serum according to Siwicki and Anderson [39] .
The gene expression of IL-1β and TNF-α
Extraction of Total RNA from the head kidney tissue was applied utilizing RNeasy Mini Kit, (QIAGEN, Germany) following the manufacturer's instructions. The yields and purity of Total RNA were detected by using Spectrophotometer 260 and 280 nm absorbance (Thermo Scientific, USA). RevertAid Reverse Transcriptase kit (Thermo Fisher) and oligo-dT were utilized for cDNA synthesis. Initial heat denaturation (65°C for 5 min) was performed for 1 μg of total RNA, then 20 μl of the reactions were incubated at 42°C/ 1 h and then at 85°C/15 min. After that, cDNA was added to a SYBR Green qPCR Master Mix (QIAGEN, Germany) containing 30 pg/ml of primer pairs specific for target genes, [40, 41] (Table 2) designed by the Primer 3 program. Initial denaturation was done at 95°C/ 1 min, then 40 cycles were utilized for denaturation at 95°C/ 15 s, annealing at 57°C/ 20s and extension at 72°C/ 45 s. The extent of all amplicons was affirmed on 2% agarose gel electrophoresis stained with SYBR Safe DNA gel stain (Invitrogen). The reference gene utilized was EF-1α [42] . The calculation of the levels of gene expression levels was performed according to Schmittgen and Livak [43]. Three days after infection, blood samples were collected to get serum which used for estimation of the same immunity indices and head kidney tissues were obtained from 3 fish in each treatment to be used for estimation of the genes expression of IL-1β and TNF-α.
Statistical analysis
The statistical analysis was applied by using the SPSS (21) package program. Duncan's Multiple Range Test was utilized to detect the statistical differences between groups. Values were expressed as means ± standard error. Differences with p<0.05 were considered significant.
Results
In vitro antimicrobial activity
The inhibition zones of SP and SO against Pseudomonas aeruginosa were 11 and 10 mm respectively.
Non-specific and specific immune assays
The effects of supplementation with SP and SO on the non-specific and specific immune parameters of Nile tilapia are shown in Table, 3. At the end of the second and the fourth week of feeding trials, the lysozyme activities, nitric oxide assay and the titer of IgM showed a significant increase in SP and SO groups when compared with the control group. That increase noted after 2 and 4 weeks of supplementation was significant in SP group when correlated with SO group.
Supplementation of Nile tilapia infected with P. aeruginosa with SP and SO resulted in a significant increase in the lysozyme activities, nitric oxide assay and the titer of IgM when contrasted with the control infected group. That increase was significant in SP group than SO group, (Table, 3). 
The IL-1β and TNF-α genes expression
As demonstrated in table, 4, the expression of IL-1β and TNF-α genes was enhanced in groups received SP and SO when compared with control group at the end of the second and the fourth week of feeding. That effect was significant in SP group than SO group.
Groups of SP and SO showed a significant increase in IL-1β and TNF-α genes expression when compared with control infected group. That increase was significant in SP group than SO group, (Table, 4). Table 4 : Effect of supplementation with Spirulina platensis (10 gm/kg diet) and Salvia officinalis (7.5 gm/kg diet) for 28 days on IL-1β and TNF-α genes expression in Nile tilapia before and after infection with pseudomonas aeruginosa. 
TNF-α
Clinical and post-mortem findings
Fish challenged with P. aeruginosa showed petechial hemorrhages and ulceration on body surface, especially at the base of fins, tail and fins rot, congested gills and abdominal distention. Internally, abdominal dropsy with congestion of internal organs was observed. Mortality rates were 17% SP group and 25% in SO group compared with 75% for the control group. The relative percentage survival (RPS) was 83% and 75% in SP and SO groups respectively.
Discussion
Spirulina is viewed as a standout amongst the most generally utilized microalgal species in aquaculture because of its high constituents of protein, essential amino acids, antioxidant pigments, essential fatty acids, carotenoids, vitamins and minerals [45] .
The antimicrobial activity of SP may be attributed to its constituents from antimicrobially active lipids and fatty acids [46] . It was suggested that lipids kill microorganisms by disruption of their cell membrane [47] . The antimicrobial activity of SP observed in the current study against P. aeruginosa was in agreement with early observations recorded by Sudha et al. [48] and Pradhan et al. [49] .
Salvia officinalis is cultivated in numerous countries for its dried leaves which are used as raw material in medicine, food-industry and perfumery [50] . It has been found that the essential oil and leaves extracts of SO have a wide range of antimicrobial effects which may be due to its particular chemical constituents [51] . The present observations revealed that the leaves of SO prevented P. aeruginosa. Similar findings previously reported [52] .
In comparison to mammals, fish for the most part depend on innate immunity [53] . As needs be, awesome great consideration has been centered on the utilization of dietary bioactive materials to fortify innate immunity.
In fish, lysozyme is an essential antimicrobial effector that fills in as an opsonin in complement system and phagocytes initiation [54, 55] . It is recognized in the blood, mucus and organs of different fish and assumes a critical bactericidal part in the nonspecific defense against pathogens primarily through lytic effects on their cell membrane. By splitting glycosidic bonds between Nacetylmuramic acid and Nacetylglucosamine, it hydrolyzes the peptidoglycan layers of bacterial cell membranes [56] .
Nitric oxide (NO) is bactericidal reactive oxygen that is delivered fundamentally by macrophages after incitement with an assortment of operators, for example, microbial segments and cytokines [57, 58] .
In the current study, it has been observed that Nile tilapia fed on diets supplemented with SP and SO showed a significant enhancement in the lysozyme activity and a significant increase in the level of NO. The immune-modulatory activity of SP especially, associated with non-specific immune system has been suggested [59, 60] . That effect was attributed to its content of C-phycocyanin which increased the phagocytic and the natural killer activities [61] . Our results were similar to those early observed that SP enhanced the immune response in channel catfish [59] and Nile tilapia [62] .
Water soluble polysaccharide as galactose, glucose, mannose, xylose, and fructose are active SO compounds that have been found to possess immune modulatory activity [63] , including anti-inflammatory, anti-cancer, antiulcer, macrophage phagocytic stimulation and induction of cytokine as well as complement activating potency [64] . In concurrence with our findings, previous reports suggested that supplementation with SO augmented immunity in rainbow trout [65] .
Antibodies
(immunoglobulins) are glycoproteins that expressed in the membrane of the B lymphocyte (BCR) or free in body fluids, secreted by plasma cells (B lymphocytes activated by antigen connection) [66] . The predominant immunoglobulin in teleosts is a tetramer of the IgM class and contains eight antigenic combining sites [67] . Some teleosts have a monomer of IgM in their serum, although the factors leading to its expression are still unknown [68] .
Our findings revealed that addition of SP and SO in the diet of Nile tilapia elevated the level of serum IgM. Those findings are in the same direction with those noted after SP [69] and SO [70] supplementation.
As a member of interleukin-1 (IL-1) cytokine family, Interleukin-1β (IL-1β), is a prototypical pro-inflammatory cytokine and key mediator of the body's reaction to microbial infection, immunological response and tissue damage [71] .
TNF-α, a pro-inflammatory cytokine, is one of the early immune genes expressed at the beginning of infection in fish and has a key part in controlling inflammation. In fish, TNF-α shows overlapping functions with IL-1β. Numerous fish TNF-α s have been generated in bacteria as monomers, dimers and trimers and can enact macrophages/phagocytes and improve their killing activity against microorganisms [72] .
Our findings showed a significant increase in the expression of IL-1β and TNF-α of Nile tilapia fed on SP and SO. Early studies recorded similar observations on SP [60, 69] and SO [73] .
Concerning the effect of supplementation with SP and SO in Nile tilapia after infection with p. aeruginosa, the current data revealed that addition of SP and SO elicited a significant elevation in lysozyme activity, NO level and IgM titer. In addition, the expression of pro-inflammatory cytokine (IL-1β and TNF-α) was up-regulated. Those Fish challenged with P. aeruginosa showed petechial hemorrhages and ulceration on body surface, especially at the base of fins, tail and fins rot, congested gills and abdominal distention. Internally, abdominal dropsy with congestion of internal organs was observed. These lesions could be attributed to the different types of toxins produced by P. aeruginosa [76] . Likewise, Eissa et al. [77] noted irregular hemorrhages on body surface, cloudiness of eyes, scales detachment and congested gills, In addition to, sanguineous fluids in the abdominal cavity as signs of pseudomoniasis in Oreochromis niloticus.
Mortality rates were 17% in SP group and 25% in SO group compared with 75% for control group. The relative percentage survival (RPS) was 83% in SP group and 75% in SO group. The decline in mortality rate in groups supplemented with SP and SO may indicate their activity against pseudomonas infection.
Conclusion
Based on the findings of present study, it could be concluded that both of SP and SO has an immunostimulant effect and are recommended to be used as feed additives in Nile tilapia. [ 
